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Summary 
Fruits and vegetables are highly perishable produces, so preservation and 
processing play an important role in extending their shelf life. Preservation of fruits 
and vegetables can be accomplished by several methods, including canning, freezing 
and dehydration, in which dehydration is the most common method using for 
preservation of fruits and vegetables. Dehydration can be accomplished by several 
methods, including hot air (HA) drying, vacuum (VC) drying and microwave (MW) 
drying. The removal of water prevents the growth and reproduction of microorganism. 
It also inhibits enzyme activity and minimizes the moisture mediated deterioration 
reactions, e.g. nutrient loss, discoloration. Dehydration reduces packing, storage and 
transportation cost due to reduction in weight and volume of the product. 
Although HA, MW and VC drying have many advantages, they inevitably 
cause changes in the physical properties and chemicals compositions of fruits and 
vegetables, including losses of water-soluble vitamins (mainly ascorbic acid - AsA), 
discoloration, rehydration rates and ratios.  
In this study, the effect of HA, MW and VC drying on the physical and 
chemical attributes of okra, blanched green bell pepper were investigated to optimize 
the drying conditions. The drying experiments were carried out in the range of 
temperature of 40 to 70°C for HA drying, 500 - 800 W for MW drying and 30 to 60°C, 
and at a pressure of 3 kPa for VC drying.  
The drying characteristics and quality of okra during HA, MW and VC drying 
were recorded. The moisture content of okra decreases gradually with increases in 
drying time, exhibiting a gentle downward curve. The data also indicate that the drying 
time of the MW drying was much shorter than that of the HA and VC drying. The time 
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required to reduce the moisture content from 10.14 to 0.17 (d.b. decimal) varied 
between 390 and 600 s for MW drying and 6 to 24 h for HA and VC drying. The 
exponential model was utilized to describe the drying characteristics of okra during 
MW and HA drying. A non-linear least squares method was applied using the 
measured changes of the moisture content of okra under seven drying conditions. The 
drying constant k1 increased as MW power or the drying temperature rose and ranged 
from 0.272 to 0.361 min
-1 for MW drying, from 0.147 to 0.489 h
-1 
for HA drying and 
from 0.17 to 0.30 h
-1 
for VC drying. The drying rates of the HA, MW and VC drying 
method were calculated using the data describing the changes in moisture content. The 
drying process of okra took place only in the falling rate period. The activation energy 
of moisture diffusion in HA drying was 36.7 kJ·mol
-1
. The activation energy of 
decomposition rate of AsA in HA drying was 28.5 kJ·mol
-1
. The MW energy and HA 
temperature caused the losses of AsA. The AsA content of okra after drying ranged 
from 248.1 to 381.76 mg·(100 g)
 -1 of dry matter. The AsA content was highest in the 
sample dried at a power of 800 W. The lowest AsA content was found in the sample 
dried at 40°C, possibly because the long drying time caused a higher loss of AsA. The 
changes in the surface color (L*, a*, b*) of the okra during drying were examined at 9 
drying conditions (three levels of radiation power for MW drying three temperatures 
for HA drying and three temperatures at pressure of 3 kPa for VC drying). The total 
color difference (TCD - ΔE*) was obtained by using the differences of L* (ΔL*), a* 
(Δa*), b* (Δb*) between the initial sample and the sample after drying. The values of 
extent of browning (B) and the coefficient of browning (k2) were estimated using a 
non-linear least squares method against the equation (ΔE* = B (1 – exp (-k2t))). The 
higher ΔE* caused the higher extent of B and the k2 values. The B values ranged from 
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12.3 to 18.4 for MW drying, from 25.3 to 29.1 for HA and from 22.6 to 24.9 for VC 
drying. The color of okra was affected by MW energy and high temperature. The 
results show that raising the drying temperature or increasing the microwave energy 
increased the total color difference (TCD - ΔE*) of the samples. The data also 
indicated that the color of the sample dried by the MW oven method exhibited less 
change than the sample subjected to HA, and VC drying. Dried okra with an average 
moisture content of 0.17 (d.b. decimal) was used to determine the rehydration ratio. 
The moisture content ranged from 6.18 to 7.75 (d.b. decimal) (moisture content of 
fresh sample: 10.14 (d.b. decimal)). The data indicated that the samples were not all 
able to absorb the same amount of water that they lost during the drying process. The 
rehydration ratios ranged from 5.2 to 6.5. MW drying at a radiation power of 800 W 
resulted in the highest rehydration capacity compared with those dried at 500 W and 
600 W or by HA and VC drying, and the sample dried at 40°C had the lowest 
rehydration ratio. The statistical analysis demonstrated the significant influence of the 
MW energy and HA temperature on the rehydration of okra. In this study, MW drying 
at 800 W presented the shortest drying time, the least change in AsA and the total 
color change, and the sample dried under this condition exhibited the highest 
rehydration ratio. Thus, high-power MW drying is available to minimize the changes 
in the AsA content and TCD and increase the rehydration ratios. Additionally, it was 
confirmed that the MW drying at 800 W was most suitable for okra drying within this 
test. 
The impact of drying methods on the quality attributes of blanched green bell 
pepper was also investigated. The blanching process of green bell pepper was 
standardized. The kinetics of change in moisture content of unblanched and blanched 
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green bell peppers at 60°C were also determined. The results of the blanching process 
showed that the waxy skin of the microwave-blanched samples was swollen during 
MW drying and thus MW blanching was not a suitable blanching method for the green 
bell pepper. The results indicated that blanching in a solution containing 1 g·L
-1 of 
NaHCO3 provided adequate POD inactivation, the lowest TCD value and good AsA 
retention. It was also observed that the blanching treatment decreased the drying time 
compared to that of the unblanched sample. The Lewis (exponential) equation was 
postulated to describe the drying kinetics of green bell pepper. The drying constant k0 
was 0.44 h
-1 for unblanched samples and 0.70 h
-1 
for blanched samples. The results 
indicated that blanching increased the drying rate. The results also showed that for 
both unblanched and blanched samples, the drying process occurred only in the falling 
rate period. It was observed that the drying conditions affected the loss of the total 
chlorophyll, AsA and TCD. The decomposition rates of the total chlorophyll, AsA and 
TCD followed first order reaction kinetics. For the total chlorophyll, the values of 
coefficient of the decomposition rate (k) ranged from 0.014 to 0.097 for HA drying, 
0.025 to 0.039 for microwave drying and 0.011 to 0.044 for VC drying (RMSE = 0.47 
- 0.99). For AsA, the k values ranged from 0.049 to 0.174 (RMSE = 0.50-0.99). These 
data indicated that the value of k increased with increases in the drying temperature 
and the microwave energy. The decomposition of the total color of the blanched green 
bell pepper samples during HA drying, microwave drying and VC drying was 
described using the fractional conversion model. The equilibrium value of the TCD 
(ΔE*e) values ranged between 7.6 and 28.3 (RMSE = 0.03 - 0.49). The data indicated 
that a higher drying temperature or microwave power increased the ΔE*e and revealed 
that the lowest ΔE*e value was attained by drying the sample at 30°C under 3 kPa, 
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compared to using other drying conditions. An Arrhenius-type equation was used to 
calculate the temperature dependency of HA drying. The activation energies (E) of the 
total chlorophyll and AsA contents and the TCD were found to be 62.4, 43.5 and 16.2 
kJ·mol
-1
, respectively. 
In conclusion, the MW drying reduced the drying time of the samples 
compared with the HA and VC drying. The MW also minimized the change in quality 
of okra such as AsA and TCD. However, the MW drying was not suitable for 
blanching green bell pepper, because the skin of samples was swollen during drying. 
The use of MW should be clarified based on the properties of target produce. 
The VC drying at 30°C under 3 kPa was recommended for the blanching green 
bell pepper, banana and apple because the qualities of these samples were minimized 
under this drying condition. 
